The critical data compilation work as well as the bibliographical efforts of two data centers on atomic spectroscopy at the National Institute of Standards and Technology (formerly the National Bureau of Standards) are briefly reviewed. A complete listing of all current compilations on wavelengths, energy levels and transition probabilities is given. A recently completed large tabulation of atomic transition probabilities for the Fe-group elements comprising about 18000 lines is discussed in some detail, and several data comparisons are presented in order to provide an impression of the current status of these atomic data.
B. Riblio~raphical Data Center Work
One of the basic functions of the data centers is to collect all relevant literature and to maintain bibliographical databases. As of the end of 1989, the bibliographic database on atomic energy levels contained about 12,000 papers, with the large majority of the references published in several bibliographies'*2. The bibliographic database of the Data Center on Atomic Transition Probabilities contain about 1,500 papers and is still in the process of being built up.
About 4000 older papers are also part of the transition probability data files and are included in earlier bibliographies3. From this material in the databases and the material contained in earlier published bibliographies, an overview of the availability of the spectroscopic data is readily obtained. As an example, the situation on the availability of atomic transition probabilities is presented in Figure 1 , in which the chemical elements are plotted in order of increasing atomic number vs. stage of ionization. Those spectra for which an adequate number of reliable data are available (uncertainties estimated to be less than +SO%) are shown as black squares. Those spectra for which relatively few data exist are denoted by a crosshatched square, while all other spectra have been left blank, indicating that either no data or few data are available.
The graph shows that the data situation is only satisfactory for light elements up to about atomic number 2=28 (nickel). For all heavier elements, data are only available for the neutral and singly ionized atoms, as well as for a number of highly-stripped ions which are isoelectronic with very light elements and thus have the same relatively simple atomic structure.
These latter data. which have been calculated with sophisticated atomic structure programs for whole isoelectronic sequences, show up as diagonal structures, starting with the light neutral atoms and going to the highest stages of ionization listed.
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Generally, the material on atomic transition probabilities covers fewer spectra and fewer lines than the material on wavelengths and energy levels.
It should be noted that a similar graph showing the availability of atomic energy levels may be found in reference 4. ATOMIC . 
NUMBER

C. Maior Data Center Tabulations
The most important function of the NIST data centers is their critical evaluation and compilation work. Over the last 50 years a number of evaluated data tables have been published which have come into wide use as standard tables of spectroscopic reference data. An overview of reference data works from NIST as well as elsewhere is given in Table  1 , which lists the most current compilations for wavelengths, energy levels and transition probabilities for the various chemical elements in order of increasing atomic number.
It is seen that some of the reference tables are rather old and need to be updated, which is fully recognized at NIST.
D. Critical Assessment of Transition Probability Data
As noted above, the most important function of the data centers is the critical assessment and compilation of spectroscopic data. The assessment problems are especially critical for atomic transition probabilities, for which the uncertainties are large--typically in the 25-50% range--because these quantities are difficult to determine.
Therefore, it is important to discuss the data assessment procedure at NIST.
Actually, realistic uncertainty estimates are possible only for the measured data, while for the complex theoretical atomic structure approximations quantitative error assessments are usually not feasible. For 1 . We take into account our general evaluation of the capabilities and shortcomings of the specific technique applied by the authors. 2 . We look for consideration by the authors of the "critical features" (see below) in each technique. 3 . We check the agreement or disagreement with other reliable data. 4 . We take into account the authors' estimate of their uncertainties. 5 . We check the degree of fit of the data into systematic trends.
The most important criterion is item 2, i.e., the specific "critical factors" for each method that must be taken into account by the authors in order to obtain reliable results. These critical factors have been discussed in the introductory discussions of the NIST data tables in considerable detail, especially in Refs. 6 and 1 7 .
For example, in the determination of lifetimes of excited atomic levels the following three critical factors are of key importance: Radiation trapping and collisional effects both change the lifetime, and must be checked and eliminated by varying the density in the target chamber, and by extrapolating the results to zero density.
Furthermore, the excitation must either be completely selective with respect to the upper level of the transition in question or, if it is non-selective so that electron cascading from higher levels may occur, a reliable correction technique must be applied such as the ANDC technique.29 Fits to 2or 3-exponential decays are not adequate, as has been repeatedly shown in the literature30.
Data
Wave-Lengths 5 7 , 8 , 9 7 , 8 , 9 7 , 8 7 , 8 7 , 8 , 9 , 1 3 7 , 8 , 9 , 1 4 7 , 8 , 9 , 1 5 7 , 8 , 9 7 , 8 , 9 7 , 8 , 9 7 , 8 , 9 7 , 8 , 9 7 , 8 , 9 7 , 8 7 , 8 7 , a . g 7 . 8 . 9 heavier Z 7 , 8 , 9 7 , 8 , 9 24 7 , 8 , 9 7 , 8 7 , 8 7 , 8 7 , 8 , 9 7 , 8 7 , 8 7 , 8 , 9 7 , 8 7 , 8 7 , 8 7 , 8 7 , 8 7 , 8 7 . 8 . 9 Tabulations Energy Levels 
E. Com~rehensive Tables for Atomic Transition Probabilities of the Iron-Grou~ Elements
By carrying out a systematic evaluation of all experimental and theoretical data with the 5-point procedure described above, two comprehensive data volumes covering the atomic transition probabilities for all spectra of the Fe-group elements have been recently completed and p~b l i s h e d~~,~~. About 18,000 transitions have been included.
Most data for the lower spectra are from experimental sources, while theoretical approaches have been the almost exclusive source of data for high stages of ionization. The typical accuracy of the data may be considered as only fair-to-adequate, with most lines estimated to be uncertain to either about +25%, ("C" category) or f50% ("D" category).
However, some of the neutral spectra as well as those for highly ionized atoms are in relatively good shape. In the following, we discuss some especially interesting cases, in order to provide an impression of the general quality and consistency of the compiled data.
1. The S~ectrum of Neutral Iron: For this very important spectrum, reliable data were found for about 2,000 lines. These represent most of the lines of moderate and high strength in the ultraviolet and visible regions of the spectrum. Due to recent advanced experiments based on the absorption as well as the emission method, it is estimated that the oscillator strengths for about half of these lines are known to better than +25%. It is important to recall that the emission and absorption experiments provide only relative data so that for the normalization to an absolute scale the absolute value for a key line must be accurately known.
For neutral iron the resonance line at 3720 A has been repeatedly determined with a variety of atomic lifetime techniques. As Table 2 shows, these lifetime data31-37 are in excellent agreement, providing a mean value with a standard deviation of only 0.3%, which serves as an excellent normalization point for this spectrum. For many lines, data are available from several e m i~s i o n~~~~' and absorption e~~e r i m e n t s~~~~~ and may thus be compared for a check of their mutual consistency. Figures  2 and 3 represent two examples for these comparisons and show that for a large part of lines the emission and absorption studies are consistent within +25%. In a few cases where larger discrepancies occurred these could be traced to specific circumstances for these lines only, as--for example--problems with radiometric standards at short wavelengths.
2. The S~ectrum of Sinelv Ionized Iron: The spectra of singly ionized atoms often are represented by much fewer data in the NIST tabulations than the neutral atoms. This is because spectra of atomic ions are much more difficult to generate and investigate experimentally . On the other hand, for Fe-group elements the difference in complexity between the first and second spectra is usually small so that theoretical treatments are just as difficult for both spectra and very few reliable theoretical treatments exist. Fe I1 is one of the cases where some fairly accurate theoretical data are available, but otherwise it is typical in terms of the situation described above. For Fe 11, transition probabilities are available for only about one-third as many lines as for Fe I and the quality of the experimental data is significantly lower. The mix of experimental approaches has shifted and emission work now dominates.
The principal experiment utilized for the NIST tables on Fe I1 is a wall-stabilized arc experiment by ~oity~' which has yielded about two-thirds of the 646 listed lines. Moity's work is not as advanced as that of other recent wall-stabilized arc experiments. He used photographic detection and thus had to convert photographic plate densities into radiances by a photometric procedure, while nowadays most experimenters utilize photoelectric detection. His plasma diagnostics involves spectroscopic measurements of neutral-atom lines and is based on the assumption of full local thermodynamic equilibrium (LTE) for his source. He used the LTE model to relate Fe I populations, derived from lines with known transition probabilities, to Fe I1 excited state populations by the Saha equation,--a risky procedure for his experimental conditions.
The data by Moity have therefore been judged very conservatively in the NIST tabulation and uncertainties of about +50% have been estimated, roughly twice his own error estimates (which are basically standard deviations).
The Fe I1 spectrum is one of the cases where the semi-empirical calculations by ~u r u c z~~ have produced fairly accurate data. His results are very dependent on accurate input data on atomic energy levels and in the case of Fe I1 the recent work by ~o h a n s s o n~~ provided a very complete, accurate set of such levels. Therefore, Kurucz's data were utilized for about 10% of the NIST tabulation--specifically for all lines of moderate strength for which no experimental data were available. The satisfactory agreement between Kurucz's results for stronger lines and the experimental results used in the NIST tabulation is readily seen from a graphical comparison of these data (Figure 4 ). Assuming uncertainties of 5508 for Kurucz's data as well as using the uncertainty estimates given in the NIST tabulation for the various experiments (usually 25-50%) we find mutual consistency for about 80% of the lines.
3. The S~ectrum of Neutral Chromium: In addition to Fe I, this is one of the neutral spectra for which a good bit of recent experimental activity occurred.
For some transitions, results are available from a considerable number of experiments. The example in Table 3 shows a comparison of several absorption and lifetime data45'51 for two Cr I multiplets. The lifetime techniques applied in this case utilized either the Hanle (levelcrossing) effect, or the phase-shift technique, or the delayed coincidence method with selective laser excitation. The table clearly shows the excellent agreement among the various approaches, warranting an uncertainty estimate of only ?lo%. 4. Highlv StriDDed Ions--Magnetic Dipole Lines of Be-like Ions: Almost all data for highly-ionized atoms originate from various theoretical approaches, most often multiconfiguration self-consistent field approximations which include relativistic corrections to various degrees. These approaches have been effective in producing large numbers of data for many isoelectronic ions and readily show--for a given transition--the variation of the line strengths as a function of nuclear charge. Usually, only one or two comprehensive calculations are available for each spectrum and few data comparisons may be made.
But for some magnetic dipole (MI) transitions of the beryllium isoelectronic sequence, data for the ions from Scf17 to ~i +~~ were contributed by six different s o~r c e s~~-~~. We thus show in Figure 5 a graphical comparison of the material that was selected for these ions for the NIST c~m~i l a t i o n s~~~~~. In the case of pure Russell-Saunders coupling, the strengths of the two selected lines are 2.5 and 2 (in atomic units) and this has indeed been calculated for the lower ions of the Be-sequence (see Refs. 6 and 17) .
But due to increasing relativistic effects, including increased spin-orbit interaction, the line strengths gradually deviate from these numbers. All authors involved in the graphical comparison state that they have included relativistic effects, but few provide details of their calculations. Figure 4 shows increasing uncertainties in the general trend of these line strengths towards higher ions. As the broken line connecting the data indicates, we prefer the data by ~1as.s~' and Oboladze and ~a f r a n o v a~~ for the most highly stripped ions, since the relativistic corrections applied by these authors are the most comprehensive ones.
Magnetic Dipole (MI) and Quadrupole (M2) Transitions for Helium-Like Ti. V. Cr and Fe
Ions--A Rare Comparison Between Theory and Experiment: In this special instance both e~~e r i m e n t a l~~-~' and theoreticalK2 data are available for forbidden lines, the experimental data being supplied by lifetime measurements based on the beam-foil spectroscopy method. Table 4 shows the comparison between theory and the experiments. For the theory, the multi-configuration Dirac-Fock calculations by Hata and rant^' have been selected for all ions of the Fe-group elements. The table shows that theory and experiment are always in complete agreement within the estimated error limits. With one exception (Ref. 60 for Fe XXV), the agreement is within an impressive +5%. 'The lifetime T for this state is the reciprocal of the sum of the transition rates 2p 'P; + 1s 'SO (M2) and 2p 3~; + 2s 3~1 (El), i.e., T = [A(M~)+A(E~)]-l. The transition probability for the El transition 2s 3~1 -2p 3~; is taken from the multi-configuration Dirac-Fock calculations of Hata and Grant.
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F. Summary
The critical compilation work of two atomic spectroscopy data centers at NIST has been briefly reviewed and a comprehensive list of current data tables has been provided. By discussing a recently published comprehensive tabulation of transition probabiities for Fegroup elements.in some detail, it is seen that many of these atomic data are still in need of improvement. Future work of the NIST spectroscopic data centers will concentrate on the spectra of lighter elements, in order to update and expand earlier data tables which are getting out of date. 
